
This guide was prepared by Sandia National Laboratories to help 

decision makers in electric utilities identify and evaluate possible 

applications for pholovoltaics. 

1 

The guide contains instructions on how to estimate the size and 

cost of a pholovoltaic system, information about photovoltaic 

systems suitable for utility applications, and general facts about 

photovoltaic systems. 
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Introduction ● 

For mony opplicotions on utility systems todoy, photovoltoics provides o cost- 

effective energy source for serving low power loods. In certain opplicotions, 

photovoltoics con be utilized os o test-effective alternotive to distribution line 

extensions or step-down transformers. 

This guide was written primarily for utility personnel to use in determining whether 

photovoltoics compo[es fovorot)ly with the cost of extending the utility line. The 

oppli(otions listed ot the end of this pomphlet o[e limited to those thot hove 

immediote poybock—systems for which photovoltoics is o less expensive option 

then conventional service would be. 

Scores of opplicotions exist todoy for photovoltoic systems within utility 

componies; this publication suggests only o few of the mony possibilities. Sondio 

Notionol loborotories Photovoltoi( Design Assiston(e (enter is o resource for 

utilities ond ogencies, providing conto(t omong potentiol users of photovoltoic 

systems, suppliers of systems ond components, ond quolified engineers who 

evoluote needs ond ovoiloble equipment. 

(ontoct persons ot Sondio’s Design Assistance (enter ore Roger Hill, 505-844-6111 

or John Stevens, 505-844-7717. 



Service fo[ isoloted, Iow-ene[gy, or low-revenue Ioods is costly for both the utility ond its customers. 

Although line-extension policies provide o method for the utility ond the tustomer to shore the 

expense of servi(e, revenue f~om low-power-use Ioods moy not (over onnuol operotion ond 

mointenonce costs for the instollotion. Photovoltoic systems can provide service to low-revenue Ioods 

thot would not normolly be economically feosit)le to serve even with generous line extension policies. 

Illustrated is the t.)~eok-even line of the cost to extend the utility g[id versus purchasing o 

photovoltoi( system based on the (ost for o single-phose distribution line of $10,000 a mile. A 

higher cost for line extension will increose the potentiol for cost-effective photovoltoic systems. 
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Generally, o photovoltoic system will he (ost-effective if the peek lood is 1 kW or less. If the onnuol 

energy consumption is 500 to 1000 kWh, compore the cost for o photovoltoic system with cost for 

o 
conventional service. If the onnuol consumption is less then 150 kWh o yeor, o photovoltoic system I 
is recommended. 

When estimating the cost of o photovoltaic system, (onsider both ovoiloble sunlight ond the seosonol 

demonds of the Iood. For exomple, o tower beocon light operotes longer in the winter, when there is 

less sunlight, resulting in o prolonged operoting period with fewer houls of sun ovoiloble for chorging 

t)otteries. For some Ioods, the heoviest load moy not occur on o doy when the ovoiloble sunlight is 

the lowest. When evoluoting 100ding requirements ond energy ovoilobility for photovoltoi( systems, 

consider both worst (ose 100ding ond worst cose solor resource conditions (see poge 6). Recognize 

thot the two do not necessarily OCCU[ together. 



[stimating th~ Cost of Photovoltaic $~stems 

Determine the load, available sunlight, array size, batteries: 

1. Determine the energy the Iood requires in Wh per cloy: 

Multiply the number of wotts the Iood will consume by the hours per doy the Iood will operote. 
Multiply this figure by o fudge foctor of 1.5. 

TOTAIWH PER DAY REQUIRED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2. Oetermine the hours of ovoiloble sunlight ot the site (see poge 6): 
Information is OISO ovoiloble from $ondio’s Design Assiston[e [enter or the Notionol [Iimotic Ooto [enter. 

TOTAIAVAIIABIE SUNIIGHT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3. Determine the size of the orroy thot will be needed: 
Divide the energy needed (1) by the number of ovoiloble sun hours (2); consider worst cose conditions. Divide 
the results by module size, round up (for estimating purposes, on overoge module size is 50 wotts, 1? volts do. 

TOTAIARRAY SIZE REQUIRED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4. Determine the size of the bottery honk (if one is required): 
Multiply the Iood (1) by 5 (result is wotthours). Then divide the bottery voltoge (for exomple, 12 volts) 
to get omphour roting of bottery honk. 

TOTAI BATTERY BANK, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(oltulate the cost af the photovoltai[ system needed for this application: 

1. Multiply the size of the orroy (3) required by $6 per wott: 
o 50-wott photovoltoi( ponel costs $300 (hosed on 1993 prices). . . . . . . . . 

2. Multiply the size of the bottery honk by $1 per omp hour (hosed on 1993 prices): 

$1 per omp hour is used for estimating; (flooded Ieod ocid lotteries). . . . . . . . . . . . . . . . 
Sulltotol: . . . . . . . . . . . . . . . . . 

3. Multiply suhtotol by 20% for bolonce of system costs (wire, fuses, switches, etc.): . . . . . . . 

TOTA1[OST FOR PHOTOVOITAI( SYSTEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Calculate the cost for conventional line extension: e 1. Multiply the distonce from the distribution line to the Iood by the cost per mile for line extension 

(normol ronge is $10,000 to $40,0000 mile); dedu(t ony normal line extension (redits; include the 
cost of o stepdown transformer for transmission line: 

TOTAIFOR IINE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2. Add costs for permits, povement cuts, Iobor, onnuol mointenonce, sofety, etc: 

TOTAIEXTRA (OSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TOTA1(OST FOR(ONVENTIONA1 lINE EXTENSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Photovoltoic systems ore eosy to design, instoll, ond mointoin. Experienced designers ond installers 

of photovoltoic systems provide the following recommendations to help ensure o system will operote 

[eliobly for two decodes. 

SIMUIIITV 

RVtllltlBlllTV 

10RO ESTIMRTES 

!UNIIIHT 

HffnnlflR[ 

SITE 

lNSTfIlllTION 

MRINTENllNCE 

Keep the system simple. [omplexity lowers its reliability ond increoses the need 

for te(hnicol support. 

Unde[stond whet “ovoilobility” reolly meons; ochieving 99% ovoilot)ility with o 

renewable energy system inexpensive. 

Be thorough but reolistic when estimating the Iood. Mony so-tolled system 

foilures ore the result of underestimating Ioods. The only negotive ospect in 

overestimating isonincreose inthecost of the system. 

Errors in estimating the solor resource con couse disappointment in the 

photovoltoic system’s performance 

Know the ovoiloble hordwore ond i 

system. 

* 

s cost, Trodeoffs ore inevitable in building o 

Know the site where the system will be instolled before designing the system so 

the plocement of components, wire runs, shoaling, ond peculiarities of the 

ter[oin con be determined. 

Instoll the system corefully. Moke eoch connection os if it hod to lost 

30 yeors-it does. 

PIon periodic mointenonce. Photovoltoic systems hove on envioble record for 

unattended operation, but no system works foreve[ without some core. 



THE SUM 
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10II IIIM 

SIMM INSTI1lIITION 

MOElllTl 

51TIN1 

NOl-!OllUTINl 

The SOIOI resou~ce, the only energy requited, occurs everywhere on the plonet. 

Photovoltoic systems require no fuel, thus they hove no combustion by-products. 

In oddition, there ore no fuel costs. 

Photovoltoic systems use solid-stote technology ond no moving ports ore 

required. Their operation requires little mointenonce while providing high 

reliollility. 

Photovoltoic systems ore inherently simple. Becouse of this ond their 

modularity, they ore [elotively fost ond eosy to instoll. 

With their voriety of sizes ond their modulor design, photovoltoic orroys con he 

mounted on t[oilers or skids to OIIOW reedy movement to onother Iocotion. 

Photovoltoic orroys con be instolled on or very neor the Iood they ore serving; 

for exomple, on o roof, on the ground, in o substation . 

Becouse nothing is burned or consumed, photovoltoic systems generote no 

hozordous woste nor do they emit toxic fumes. 

[OMMUIIIITIIIN: 

provide power 

Photovoltoic 

for mountoin 

systems ore id 

top communico 
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HIRTRBIEHIIER Photovoltoic orroysmoy t)emounted ontroilers 

to be moved where energy is needed. 

llRNlN~511NfllS Photovoltoic systems of ferutilities the ability 

to illuminate tower beacons without expensive transformers or 

line service. 
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SEITlONlllllNl 511 TCHES 

Switches powered by 

photovoltoics combined with 

energy storoge and motor 

operotors provide utilities with 

cost-effective remote switch 

operotion through 

communication links. 

IIRNI!IC SIIN115 Rood signs 

con be illuminated whe[ever 

needed, rego[dless of the 

ovoilobility of neorby utility 

service. 

MONITOllNE tlNO [ONTllOl Monitors 

such os those for woter levels, 

flow rotes, ond weother stotions 

con be reliobly powered using 

photovoltoics. 
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Mork Reineke 

Photovoltoic Systems Deportment 

Sondio Notionol loborotories 

Albuquerque, NM 87185-5800 

Issued by Sondio Notionol lol)oroto 
by Sandio [orporotion. 

ies, operoted for the United Stotes Deportment of Energy 

NOTl(f: {his repo!t wos plepored os on occount of wo(k sponsoled by on ogency of the United Stotes Go!emment. Neithe( the United $totes Government no[ ony ogency thereof, no( 

ony of their employees, nor any of their (ontro(to[\, sub(ontru(to[s, O( their employee!, mokes ony wo(ronty, express or implied, or ossume~ ony Iegol Iinbility O( responsibility fo[ 

the oc[urocy, (ornpleteness, or u~efulness of any informotlon, oppolotus, ptoduct, or pro(ess dis(losed, or represent! thot its use would not infringe privotely owned rights. 

Referen[e herein to ony specific (ommerciol p(oduct, p(o[ess, or sewlce by trode nome, t[odemork, monufo[turer, 0[ otherwise, does not neressorily constitute or imply its 
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endorsement, (e(ommendotion, or favoring by the United $totes Government, ony ogency theleof or ony of their [ontro(tors 0[ subcontro(tors. The ~iews ond opinions expressed 

he(ein do not ne[esso[ily stote of refle[t those of the United $totes Government, or ony ogen(y the(eof or ony of their [ontro(tors of sub(ontro(tors, i 
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